The effects of lactate and beta-hydroxybutyrate on the energy metabolism and neural activity of hippocampal slices from adult and immature rat.
We investigated the correlation between energy metabolism and neural activity during glucose deprivation and during replacement of glucose with lactate and beta-hydroxybutyrate (OHBA) in neural tissue from rats of different ages. Hippocampal slices were prepared from 4-, 7-, 10-, 13- and 16-day-old and adult rats. The population spikes (PS) were recorded in the pyramidal cell layer of the CA3 area as the index of neural activity. ATP and creatine-phosphate (CrP) levels in each slice were determined during glucose deprivation and during replacement of glucose with lactate or OHBA. After deprivation of glucose, the PS of the slices from 4-, 7- and 10-day-old and adult rats decayed and extinguished in 30 min and the decay time was shortened according to the age of the rat. The levels of ATP and CrP in the slices also decreased, but to a lesser extent than the amplitudes of PS. After substitution of lactate or beta-hydroxybutyrate (OHBA) for glucose, PS of the adult rat disappeared as was the case with glucose deprivation, although the levels of high energy phosphates were well maintained. In the case of the immature rat, however, PS decayed more slowly. Especially in the case of 4-day-old rat, ATP and CrP in the slices were maintained as high as those under the initial concentrations and PS amplitude showed no decay even after 60 min. These results indicate that the presence of glucose is essential for neural activity in the adult rat, and lactate or OHBA cannot replace it for the maintenance of neural activity. In the immature rat, glucose metabolites such as lactate and OHBA are available for both neural activity as well as maintaining the levels of high-energy phosphates in the tissue slice.